INTRODUCTION
Edible flowers contribute to the increase of aesthetic appearance of food, they are used during the cooking preparation, but more often they are mentioned in connection with numerous nutritional and bioactive phytochemicals which contribute to their health benefits, and consumption of edible flowers has increased significantly in recent years (Mlcek and Rop, 2011; Xiong et al., 2014; Lu et al., 2016) . The renewed interest in cooking and garnishing with flowers has also prompted extensive researches in the nutritional value of edible flowers (Cunningham, 2015) . Edible flowers are rich in sugar, organic acid, protein, amino acid, mineral element, flavonoids, polyphenols, anthocyanins, carotenoids, fibers, volatiles and so on (Sotelo et al., 2007; Matthaus and Ozcan, 2011; Rop et al., 2012; Chen et al., 2015; Bayram et al., 2015; Benvenuti et al., 2016; Feng et al., 2016; Grzeszczuk et al., 2016) , some of which are known to have biological activities and high antioxidant capacities (Shi et al., 2009; Jin et al., 2013; He et al., 2015; Koike et al., 2015; Tundis et al., 2015 ; Loizzo et al., 2016) .
Herbaceous peony (Paeonia lactiflora Pall.) is a kind of plant with ornamental, edible and medicinal functions, and has lots of cultivars with different flower colors and types (Jia et al., 2008) . The roots, leaves and flowers of herbaceous peony can be used to extract different components (Jia et al., 2008; Zhou et al., 2011; Ning et al., 2015; Jin et al., 2013; Feng et al., 2016) . The medical function of herbaceous peony was recorded in ancient Chinese literatures which believed that herbaceous peony flower tea can nourish liver, regulate female endocrine and improve body immunity. For a long time, researches of herbaceous peony were mainly focused on flower ornamental characteristics (Jia et al., 2008) and root medicinal value (Hou et al., 2012) , especially the underlying mechanisms of flower coloration Wu et al., 2016; Zhao et al., 2016) . However, few studies were concerned to edible value of herbaceous peony petals. Yu (2011) and found that herbaceous peony petals containing lots of chemical compositions such as vitamins, protein, sugar, organic acid, as well as rich mineral elements and amino acids. In addition, herbaceous peony petals also contained a large number of total phenolics, flavonoids and other bioactive substances, which have a strong ability to eliminate free radicals (Jin et al., 2013) . In this study, petal nutritional qualities of different cultivars at full bloom stage were investigated to screen out peony varieties with better edible quality. The research results may lay the foundation for the comprehensive utilization of herbaceous peony petals and edible herbaceous peony cultivation and development.
PLANT MATERIALS AND METHODS

Plant materials
Flowers of 46 P. lactiflora cultivars at full bloom stage were sampled from April to May, 2015 (Fig. 1) . All the flower materials were collected from Peony Germplasm Resource Garden, College of Horticulture and Plant Protection, Yangzhou University, Jiangsu Province, China (32°30′ N, 119°25′ E). The petals were detached from flowers, some petals were dried to a constant weight in an oven at 60 °C, and the rest petals were immediately frozen with liquid nitrogen and stored in a ultra-low temperature refrigerator under -80 °C until use.
Methods
Determination of nutritional and bioactive component
Soluble sugar content was determined by anthrone colorimetry at 630 nm wavelength (Liu & Li, 2007) . Organic acid content was determined by acid-base titration with 0.02 mol/L NaOH (Liu & Li, 2007) . Protein content was determined by Coomassie brilliant blue G-250 staining under 595 nm wavelength (Liu & Li, 2007) . Vitamin C (Vc) content was determined using 2,6-dichloro-indigo colorimetry until the solution color changed from blue to pink (Ahmed et al., 2014) . Mineral element content was determined with a Thermo Fisher ICAP 6300 ICP instrument (Thermo Fisher, USA) according the method of Du et al. (2012) after nitric acid (HNO 3 ) digestion of dried petal samples. Amino acid content was determined with Biochrom 30 automatic amino acid analyzer (Biochrom, UK) after hydrochloric acid hydrolysis of dried petal samples according the method of Qureshi et al. (2014) . The analyzed amino acid include threonine, valine, methionine, isoleucine, leucine, phenylalanine, lysine, aspartic acid, serine, glutamic acid, glycine, alanine, cysteine, tyrosine, arginine and proline. Total flavonoids were determined by Al (NO 3 ) 3 -NaNO 2 colorimetry method (He et al., 2015) . Total phenolics were determined using Folin-Ciocalteu procedure (Huang et al., 2005) . Superoxide dismutase (SOD) activity was measured with reagent kits from Nanjing Jiancheng Biological Co. Ltd. (Nanjing, China) according to the operation instruction. The amount corresponding to 50% SOD inhibition rate in 1 mL reaction mixture per gram fresh weight of petals. All above analysis were performed in triplicate.
Statistical analysis
Evaluation index screening was carried out based on cultivar variation and quality correlation analysis of 46 P. lactiflora cultivars using IBM SPSS 20 software (IBM, USA). The corresponding values of the principal components were obtained according to the expression calculation of the principal components. Case (Q type) analysis of principal components and cluster analysis of each cultivar were performed on the selected evaluation indexes with Ward's minimum-variance method and Euclidean distance, and then cultivars with better eating qualities were obtained.
RESULTS
Evaluation index screening of nutritional components
The contents of four nutritional quality indexes in flower petals of 46 herbaceous peony cultivars and their average value, standard deviation and variation coefficient were listed in Table 1 . The data showed that the average content of soluble sugar, organic acid, protein and Vc on fresh weight (FW) basis were 118.40±28.26 mg/g FW, 4.34±1.04 mg/g FW, 51.39±30.28 mg/g FW, and 14.88±4.94 mg/100 g FW, respectively. The contents of four nutritional components varied with different cultivars, and their variation coefficient also differed from each other. Variation coefficient is the difference between cultivars, the higher the value, the greater the difference among cultivars. The variation coefficient of soluble sugar (23.87%) and organic acid (23.96%) was smaller. The variation coefficient of Vc was centered, with the value of 33.17%. The variation coefficient of protein was the largest, reaching 58.92%. The results showed that the difference of soluble sugar and organic acid content was smaller between cultivars, while the difference of protein and Vc content was much bigger. Protein and Vc content had great influence on the edible quality of different cultivars. Therefore, protein and Vc were screened as evaluation indexes of nutritional components.
Evaluation index screening of bioactive components
The content of three bioactive component quality indexes in flower petals of 46 herbaceous peony cultivars and their average value, standard deviation and variation Cultivars were ranged in order according to the color of flower petal from light to deep, with complex colors in the end. V1, 'Yulou Hongxing'; V2, 'Bingshan'; V3, 'Taohua Feixue'; V4, 'Zhushapan'; V5, 'Xishifen'; V6, 'Qili'; V7, 'Shengtaohua'; V8, 'Zhusha Dianyu'; V9, 'Fenpan Chengyan'; V10, 'Jingling Piaoxiang'; V11, 'Taohua Xijin'; V12, 'Fenlou Dianchun'; V13, 'Lanyu Huancui'; V14, 'Chenxi'; V15, 'Fenyinzhuang'; V16, 'Zilankui'; V17, 'Lanyu Jiaohui'; V18, 'Zhongshengfen'; V19, 'Taoli Yangzhuang'; 20, 'Ziyulian'; V21, 'Fenlanlou'; V22, 'Xixia Yinxue'; V23, 'Zhaoyuanhong'; V24, 'Hongyan Yushuang'; V25, 'Dadi Lushuang'; V26, 'Wulong Jisheng'; V27, 'Hongmanao'; V28, 'Dielian Qihua'; V29, 'Ziling Jinxing'; V30, 'Dafugui'; V31, 'Honglou'; V32, 'Niaochao'; V33, 'Hongyan Zhenghui'; V34, 'Zituo Ronghua'; V35, 'Huangguanfen'; V36, 'Honglou Piaoxiang'; V37, 'Yanzi Xiangyang'; V38, 'Xueyuan Honghua'; V39, 'Liehuo Jingang'; V40, 'Zifengyu'; V41, 'Zihong Jianrong'; V42, 'Huangxiuzhen'; V43, 'Jinlian Xianyu'; V44, 'Tailian'; V45, 'Zilou Xianjin'; V46, 'Zitan Xiangyu'. All analysis were carried out triplicate, total phenolics and total flavonoids analysis were based on dry weight (DW), while SOD (Superoxide dismutase) analysis were basesd on fresh weight (FW), the average content was the mean value of 46 cultivars, CV means cultivar variation coefficient were listed in The results showed that the difference of SOD activity was smaller between cultivars, while the difference of total phenolics and flavonoids were much bigger. Therefore, total phenolics and flavonoids were screened as evaluation indexes of bioactive components.
The correlation coefficient analysis was performed between 7 quality indexes in Table 1 and Table 2 . The larger the correlation coefficient between two indexes, the more related between them. Therefore, one of them can be selected as a representative index of evaluation, as the basis for the simplified index (Yang et al., 2011) . From the results, we found that the correlation coefficients between 7 quality indexes were all less than 0.5 whether it is positive or negative correlation (Table 3 ). The correlation between Vc, protein, total phenolics and flavonoids were lower and can't be simplified. Combined with the data of Table 1, Table 2 and Table 3 , protein, Vc, total phenolics and total flavonoids were screened as the evaluation indexes of the nutritional components and the bioactive ingredients.
Evaluation index screening of mineral elements
The contents of 10 mineral elements in the flower petals of different herbaceous peony cultivars were shown in Table 4 . Na, Mg, K, Ca, Mn, Fe, Ni and Zn were found in the flower petals of 46 cultivars, and Mo, Cr were detected in the flower petals of most cultivars. The variation coefficients of Na, Mg, K and Ca (22.67%, 28.70%, 22.02% and 35.77%) were lower than those of other mineral elements. The variation coefficients of Mn and Zn arranged in the middle, with the value of 78.92% and 73.16%. The variation coefficients of Fe, Ni, Mo and Cr were larger and all more than 100%. The results indicated that six mineral elements including Fe, Ni, Mo, Cr, Mn and Zn had a greater effect on cultivar differences.
The correlation between ten analyzed mineral elements was carried out (Table 5 ). There was significant correlation p<0.01 between Mn and Fe, Ni, Cr, Mo, and the correlation coefficients were all more than 0.9. There was also significant correlation p<0.01 between Mg and K, Ca, Zn, and the correlation coefficients were all more than 0.7. Na had no obvious relation with other mineral elements. Mn, Fe, Ni, Cr and Mo had close correlation, Mg, K, Ca, Zn also had close correlation, so one element can be selected from each group to represent them. Because Fe and Zn have a very important role in the human body, so Fe and Zn were screened to represent the 6 elements. Combined with the data of Table 4 and Table 5 , Fe and Zn were selected as the evaluation indexes of mineral elements.
Evaluation index screening of amino acids
All 17 amino acids were found in the flower petals of 46 herbaceous peony cultivars, and individual amino acid content and proportion varied with different cultivars. The total amino acids was from 8.68 g/100g DW to 9.09 g/100g DW, with essential amino acids accounting for about 42%. The variation coefficients of 17 amino acids varied with different cultivars (Table 6 ). The difference of Thr (threonine), Val (valine), Ile (isoleucine), Leu (leucine), Gly (glycine), His (histidine) and Arg (arginine) between cultivars were smaller, the difference of Asp (aspartic acid), Ser (serine), Glu (glutamic acid), Ala (alanine), Cys (cysteine) and Tyr (tyrosine), Pro (proline) between cultivars were in the middle, while the variation coefficients of Lys (lysine), Met (methionine) and Phe (Phenylalanine) between cultivars differed greatly.
The correlation analysis between 17 amino acids was performed (Table 7) . There was significant correlation p<0.01 between threonine, valine, isoleucine, leucine, lysine, aspartic acid, serine, glutamic acid, glycine, alanine, proline, and the correlation coefficients were more than 70%, with most more than 85%. There was also significant correlation p<0.01 between tyrosine and histidine, and the correlation coefficients was 80%. There was no obvious relation between methionine, phenylalanine, cysteine, and arginine acid, as well as between them and other amino acids. This showed that 17 amino acids can be represented by 6 amino acids. Combined with the data of Table 6 and 477% of all quality traits information. Other principal component contribution rate were 10.399% and 10.385%, and they decreased gradually. The variance contribution rate of principal components showed that flower petal quality of herbaceous peony was influenced by many kinds of quality indexes, and the weight of each principal component was no much difference.
Analysis of principal component factor load matrix
The load matrix of the principal components and the original quality indexes clarified the weight of each quality index in the principal component. Therefore, the comprehensive quality index represented by principal component was judged according to the load of each quality index in each principal component. The load matrix of principal components on each quality index was showed in Table 9 , and effects of the first 6 principal components reflected indexes were different in the determination of the nutritional quality of peony petals. The first principal components had greater load value on tyrosine and lysine contents, which showed that the first principal components mainly reflect the comprehensive index level of various amino acid contents in flower 
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All analysis were carried out triplicate and based on dry weight (DW), the average content was the mean value of 46 cultivars, CV means cultivar variation petals. The second principal components had greater load value on phenylalanine and protein contents. The third principal components had greater load value on total flavonoids and Vc contents, and the total flavonoids had larger positive correlation coefficient, and Vc had larger negative correlation coefficient. The fourth principal components had greater load value on Fe and Zn contents, which showed that the fourth principal components mainly reflect the comprehensive index level of various mineral elements in flower petals. The fifth principal components had greater load value on methionine content. The sixth principal component had greater load value on total phenolics content.
Comparison of the quality scores of principal components
The data of factor load matrix between the principal components and the quality indexes were input SPSS data editing window, and 6 principal component variables were named as al, a2, a3, a4, a5 and a6. Standard feature vector tij was constructed, which was represented by tij, and was calculated by the formula tij=aij/√λi. At the same time, the original data of 10 quality indexes of 46 peony cultivars were standardized, eliminating the influence of different measurement unit and data dimension. The principal components were calculated with eigenvector matrix and standardized data with the formula F=t×ZX, where F1~F6 was the 6 principal component, and ZX1~ZX10 was the standardized numerical value of the original data of 10 quality indexes in Table 10 .
According to variance contribution rate of each principal components (the first principal component 19.164%, the second principal component 16.677%, the third principal component 13.664%, the fourth principal component 12.477%, the five principal component 10.399%, the six principal component 10.385%), the comprehensive score function (F) was calculated with following formula:
Plugged the corresponding principal components into above formula, we got the following comprehensive score formula.
F=0.15×Tyr + 0.12×Lys + 0.14×protein + 0.12×Phe + 0.11×total flavonoids -0.01×Vc + 0.15×Zn + 0.15×Fe + 0.11×Met + 0.13×total phenolics.
The principal components comprehensive score of each cultivar and their rank was listed in Table 11 . The higher the comprehensive score, the better the quality. On the contrary, the lower the score, the worse the quality. In order to facilitate subsequent comparison, the ranking table was divided into three sections. Cultivars in the top ten were in the first section. Cultivars in the last ten were in the third section. Rest cultivars were in the second section. 
Cluster analysis of different herbaceous peony cultivars
Principal component cluster analysis of different cultivars was demenstrated in Fig. 2 . 46 herbaceous peony cultivars can be divided into different types with different class separation distance. When the class separation distance was ten, 46 herbaceous peony cultivars can be divided into three categories. The category closer to the top of the figure aggregated 10 cultivars, including V14, V19, V16, V9, V30, V11 V22, V7, V10 and V13, containing lower contents of total flavonoids, total phenolics, mineral elements such as iron, zinc and amino acid, with poorer No. Thr,Val,Met,Ile,Leu,Phe,Lys,Asp,Ser,Glu,Gly,Ala,Cys,Tyr,His,Arg,Pro reprsent threonine, valine, methionine, isoleucine, leucine, phenylalanine, lysine, aspartic acid, serine, glutamic acid, glycine, alanine, cysteine, tyrosine, arginine and proline, respectively, E represents the content of essential amino acids, T represents total content of 17 amino acids, amino acid analysis was carried out triplicate and based on dry weight (DW), the average content was the mean value of 46 cultivars, CV means cultivar variation edible quality, which were basically agreement with cultivars in the third section of principal components analysis. The category closer to the bottom of the figure aggregated other 10 cultivars, including V2, V4, V28, V38, V34, V37, V40 V31, V39 and V26, which contained higher contents of total flavonoids, total phenolics, mineral elements such as iron, zinc and amino acid, and suited for consumption. These cultivars were basically agreement with cultivars in the first section of principal components analysis. The category located in the middle of the figure gathered the remaining 26 cultivars, which were basically agreement with cultivars in the second section of principal components analysis (cultivars not listed). 
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DISCUSSION
Our preliminary experiment found that herbaceous peony petals at full bloom period had the best edible quality considering nutrients including soluble sugar, organic acid, protein, vitamin C, total phenolics, total flavonoids, mineral elements and SOD activity (Unpublished data). Therefore, the nutrients in flower petals of P. lactiflora cultivars were measured at full bloom stage to screen edible cultivars. Results showed that the contents were differed between cultivars. Although variation existed in the petal color of different varities, the nutrient contents weren't directly proportional to the flower color.
The soluble sugar content was 66.55-177.28 mg/g FW, organic acid 2.19-6.90 mg/g FW, soluble protein 6.53-121.56 mg/g FW, Vitamin C 9.77-30.24 mg/100 g FW, total phenolics 9.41-33.01 mg/g DW, total flavonoids 3.50-17.56 mg/g DW, SOD activity 305.62-520.42 U/g FW, total amino acids 6.43-11.99 mg/100 g DW. Zhang et al. (2016) detected 18 kinds of amino acids in ornamental peach flowers and found that Asp and Pro were two amino acids with much higher content. From our results, we showed that the contents of Glu and Asp were much higher in herbaceous peony petals, while that of Pro was much lower (Table 6 ). Nunes and Carvalho (2013) found that total amino acid (T) content varied from 28 -49 mg/g and essential amino acids (E) from 8-20 mg/g for flowers and leaves of Erica australis L., respectively, with different distributions within the plant, which was lower than those in herbaceous peony petals with the average level of 8.88 g/100g (88.8 mg/g) and 3.78 g/100g (37.8 mg/g). Furthermore, peach flowers contained higher contents of Mg, Ca, K and Mn, which are beneficial for human health (Zhang et al., 2016) . In this study, the average content of Na, (Schnackenberg, 2010; Derek, 2012; Geőcze, 2012; Gong, 2014) . Jin et al. (2010) determined the nutritional quality of 20 kinds of chrysanthemum by principal component analysis, and selected 3 types of edible chrysanthemum with high nutritional quality. Yang et al. (2014) confirmed the nutritional quality of 25 varieties of sweet-scented osmanthus by principal component analysis, and selected 4 edible osmanthus varieties with high nutritional quality. This research mainly adopted the principal component analysis combined with cluster analysis to perform comprehensive evaluation, with the following four category evaluation indexes including nutritional components, bioactive ingredients, amino acids and mineral elements. The relationship analysis between quality indexes showed that soluble sugar, organic acid, protein, Vc, total phenolics, total flavonoids and SOD had no significant difference between each other. The contents of soluble sugar, organic acid and SOD showed a small difference among cultivars. Therefore, protein, Vc, total phenolics and total flavonoids were selected on behalf of nutritional quality and bioactive components of herbaceous peony flower. There was significant correlation between the content of Mn, Fe, Ni and that of Cr, and the content of Mg and that of K, Ca, Zn. However, the content of other mineral element had little difference between cultivars. Fe and Ca were selected on behalf of mineral elements. There was significant correlation between the content of Thr, Val, Ile, Leu, Lys, Asp, Ser, Glu, Gly, Ala and that of Pro, and the content of Tyr and that of His. However, the content of other amino acid had little difference between cultivars. Phe, Met, Lys and Tyr were selected on behalf of amino acids. Overall, we selected 10 components including protein, Vc, total phenolics, total flavonoids, Fe, Zn, Lys, Tyr, Met and Phe on behalf of basic nutrients, mineral elements and amino acids in herbaceous peony flower petal, and as edible quality evaluation index.
Principal component analysis of 10 kinds of nutrients in flower petals of 46 cultivars were conducted using SPSS, and six principal components were obtained. The first and the five principal component were the comprehensive index of amino acid content in peony petals. The second principal component mainly reflected the index of protein content. The third principal component was the index of Vc and total flavonoids content. The fourth principal component mainly reflected the comprehensive index of mineral element content in peony petals. the sixth principal component was the index to reflect the total phenolics content. Finally, ten cultivars with better edible quality were screened, including 'Dielian Qihua', 'Zhushapan', 'Xueyuan Honghua', 'Wulong Jisheng', 'Honglou', 'Bingshan', 'Hongyan Yushuang', 'Zituo Ronghua', 'Zifengyu' and 'Fenlou Dianchun'.
